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Self Assembled Porphyrin-DNA Antenna Complex
Jakob G. Woller, Karl Bo¨rjesson, Bo Albinsson.
Fluorescent intercalating dyes have previously been used to form a self-
assembled photonic wire at the nano scale, employing long range energy
transfer. Here we present a mimic of a photosynthetic reaction centre an-
tenna complex using porphyrin-modified DNA and fluorescent intercalat-
ing dyes. Visible light is used to excite an intercalated dye followed by
fast energy transfer between dyes due to their large spectral overlap. A
redox active porphyrin moiety absorbing at higher wavelength acts as
an energy sink, thereby transferring energy from the DNA strand to the
porphyrin.
Effectively this energy
transfer process has in-
creased the absorption coef-
ficient of the porphyrin. We
will study the efficiency of
energy transfer to the por-
phyrin as a function of inter-
calating dye concentration,
and study the effect of lipid
vesicles on the system.
740-Pos Board B540
Development of Fluorescently Tagged BMP-2 analog
Hemanth Akkiraju, Jeremy Bonor, Anja Nohe.
Our objective was to study cell signaling pathways initiated by Bone Morpho-
genetic Protein-2(BMP-2) by live cell imaging techniques. In order to achieve
this we developed a novel method to covalently link Quantum Dots (QDs) to
BMP-2 using N,N0-dicyclohexylcarbodiimide (DCC) as the cross linker .QD’s
are semi-conducting nanocrystals superior to the conventional organic dyes due
to their high extinction coefficient and their stability (minimizing photobleach-
ing), which allows it to be 20 times brighter and 100 times more stable than
traditional fluorescent reporters. Quantum dots research in biological applica-
tions can be used to test for understanding ligand receptor interactions on the
cell surface and its signaling pathways for growth factors like BMP-2.
BMP-2 has been recognized by the FDA to be used for therapeutic treatments
playing a key role in osteogenesis through cell differentiation. We know that
BMP-2 binds to type I and type II receptors inducing phosphorylation to initiate
Smad 1,5 and 8 signaling pathways for differentiation. To clearly track this
phenomenon, using fluorescently tagged BMP-2 to quantum dots is the first
step in prospect to study the signaling pathway in real time imaging to redefine
the dynamics of ligand receptor binding during differentiation. Conjugating
QD’s with BMP-2 we ran stability tests using Fourier Transform Infrared Spec-
troscopy (FTIR) to identify the time scale for the protein degradation. These
approaches should permit fluorescent BMP-2 in live cell imaging through
microscopic techniques in vitro and in vivo to elucidate BMP-2 dynamics to
initiate signaling pathways.
741-Pos Board B541
Herzberg-Teller Vibronic Contribution to Mesomeric Dipole Moment
Determines Two-Photon Absorptivity of Fluorescent Proteins
Mikhail Drobizhev, Nikolay S. Makarov, Shane Tillo, Thomas E. Hughes,
Aleksander Rebane.
Fluorescent proteins (FPs) are widely used in two-photon microscopy as genet-
ically-targeted bio-probes. The physical basis of large variability of their two-
photon absorption (2PA) brightness is however not understood.
We have recently demonstrated that the mFruits series of FPs, having the
same red anionic chromophore, show the 2PA band in the region of S0 - S1
electronic transition, corresponding to 900 - 1200 nm of laser wavelength.
In this 2PA band, the vibronic 0-1 transition is stronger than the 0-0 transi-
tion, in contrast to one-photon absorption spectrum where the 0-0 transition
dominates. It is also intriguing that the strength of the dominant vibronic
2PA transition strongly depends on the surrounding of the chromophore.
Here we perform a comprehensive analysis of the 2PA spectral profiles of
Fruits FPs. We show that a crucial factor which drives their optical properties
is the local electric field at the chromophore site (varying from one mutant to
another). Variation of the field promotes the shift of equilibrium between the
two resonating forms of the chromophore p-conjugation structure, which, in
turn, results in systematic changes of mesomeric dipole moment (the difference
between the dipole moments in the excited and ground states, Dm) and of the
single-to-double bond-length alternations (BLA).
Because the two-photon tensor of the S0 - S1 transition is proportional to
Dm2, wesuggest an interesting physical effect implying strong Herzberg-Tellercoupling of Dm with the BLA coordinate. This effect can only be observed in
2PA spectrum.
Our model quantitatively explains the vibronic enhancement in 2PA spectrum
of Fruits FPs and also provides the upper limit estimation for the 2PA peak
cross section of any FP possessing red anionic chromophore. It also can guide
mutagenesis efforts toward improvement of two-photon brightness of FPs.
742-Pos Board B542
Maximizing Photon Counts and Time Resolution for Single Molecule
Fluorescence Studies in Micro Fluidic Mixing System
Denis Doerr, Ralf Kuenemuth, Shawn H. Pfeil, Everett A. Lipman,
Claus A.M. Seidel.
Since the late 1990s microfabricated diffusive mixers have found applications
in a growing number of chemical and biochemical kinetic assays. Microfabri-
cated diffusive mixers require only microliters of sample, and use laminar flow
to decouple laboratory time from reaction progress. These attributes make them
ideally suited for kinetic measurements with single-molecule sensitivity. The
time resolution is set by the time required to diffusively mix and the dwell
time needed to insure a given number of photons. In addition, faster flow veloc-
ities are preferable to give minimum time uncertainty for the fixed position un-
certainty of each measurement. One approach to obtain adequate signal at high
flow is to increase the excitation intensity, however this alone is unsatisfactory
since it increases the probability of populating long lived triplet and radical
states. Here we show that the application of radical and triplet quenchers can
be used to overcome this limitation. In fact, adequate data can be obtained
from molecules spending as little as X ms in the detection volume. In addition,
we show that using Fluorescence Correlation Spectroscopy (FCS) the velocity
at each observed point can be measured, allowing the real time flow pattern to
be obtained in parallel to molecular properties. This is more satisfying and less
time consuming then fluid dynamics simulations, and allows for more accurate
conversions between distance and time by accounting for variation in mixer
fabrication and driving pressures.
743-Pos Board B543
Microfluidic Mixing Device for Submilisecond Reactions
Leszek A. Gierusz.
Continuous-flow, together with pressure-jump and temperature-jump are effec-
tive methods of investigating very rapid reactions that occur in a submilisecond
timescale, such as protein folding or fast enzyme kinetics.
Continuous-flow in particular has been successfully applied to the investigation
of early events in protein folding pathways (Chan et al., 1997, Shastry et al.,
1998, Matsumoto et al, 2007). Though effective, continuous-flow is not a wide-
spread method, due to the lack of efficient and standardised mixers available
commercially. Instead, the few existing instruments rely on hand-made devices
designed, manufactured and assembled by dedicated research groups. This se-
verely limits the availability of the continuous-flow method, to wider research
applications.
Recent developments in microfabrication allowed to incorporate this highly ef-
fective method into continuous-flow mixer manufacturing. However lack of
deeper understanding of fluid dynamics and related processes occurring within
the mixer tend to be a limiting factor, confining continuous-flow mixer design
to trial-and-error procedure rather than a carefully guided process. This project
attempts to incorporate flow-dynamic simulations into mixer design in order to
deliver an optimized continuous-flow mixing device suitable for mass produc-
tion and commercialisation. We present progressive mixer designs backed up
by flow-dynamic simulations and experimental results of an optimized mixer
prototype.
Chan, C.K., Y. Hu, et al. (1997). ‘‘Submillisecond protein folding kinetics stud-
ied by ultrarapid mixing.’’ Proc. Natl. Acad. Sci. USA 94: 1779–1784.
Matsumoto, S., A. Yane, et al. (2007). ‘‘A rapid flow mixer with 11-ms
mixing time microfabricated by a pulsed-laser ablation technique: observation
of a barrier-limited collapse in cytochrome c folding.’’ J. Am. Chem. Soc. 129(13):
3840–3841.
Shastry, M.C.R., S.D. Luck, et al. (1998). ‘‘A continuous-flow capillary mixing
method to monitor reactions on the microsecond time scale.’’, Biophys. J. 74:
2714–2721.
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Rapid Catch and Signal (RES) Platform Technology: Multiplexed Three-
Color, Microwave-Accelerated Metal-Enhanced Fluorescence 20 Second
DNA Assays
Anatoliy I. Dragan, Rada Pavlovic, Chris D. Geddes.
We present a new ‘‘Rapid Catch and Signal’’ (DNA-RCS) technology for the si-
multaneous highly selective detection of multiple DNA sequences in solution.
138a Sunday, March 6, 2011The DNA-RCS technology combines the advantages of microwave accelerated
DNA hybridization on surfaces, i.e. the simultaneous recognition of several tar-
get-DNA sequences in one sample well by complementary anchor-DNAs, at-
tached to a silver-island film (SiF), (rapid catch) and the Metal-Enhanced
Fluorescence (MEF) technology (signal). Fluorescent DNA labels, which play
the role of molecular sensor probes, show a strong response on DNA-DNA rec-
ognition events due to fluorophore coupling with nanoparticle plasmons at short
(10 - 30 nm) distances from the surface.Microwave-acceleratedDNAhybridiza-
tion on the SiF-surface subsequently brings the sensor-DNA probes close to the
silver-nanoparticles, significantly enhancing the fluorescence signal, a technol-
ogy described by Geddes as ‘‘Metal-Enhanced Fluorescence’’ (MEF). Subse-
quently the multi-color RCS-DNA assay platform can radically expedite
quantitative analysis of genome DNA sequences within ~20 seconds at very
high sensitivity with significant advantages over the widely used PCR ap-
proach.
745-Pos Board B545
Simultaneous TIRFMicroscopy and Optical Trapping for Single Molecule
Experiments
Kalle Hanhija¨rvi, Heikki Ojala, Anders E. Wallin, Gabija Ziedaite,
Susanna Aura, Sami Franssila, Dennis H. Bamford, Edward Hæggstro¨m.
Combined optical trapping (OT) and single molecule fluorescence (SMF)
find use in single molecule biology [1]. SMF experiments involve labeling
the molecule of interest with a small number of fluorophores. Hence, mini-
mizing background fluorescence is essential to ensure sufficient signal to
noise ratio. Total internal reflection fluorescence (TIRF) localizes the excita-
tion to within approximately 150 nm layer from the surface, effectively re-
stricting the background [2,3]. Since OT experiments employ dielectric
beads in the micrometer size range, additional optically transparent step-
like surface structures are needed to raise the excitation volume close to
the trapped molecule [3].
We implemented TIRF imaging into an existing optical tweezer instrument [4].
A diode pumped solid state laser excites fluorescence (Coherent Sapphire 50
mW, 488 nm). Video capture is realized with an EMCCD camera (Andor
iXon DU-897). A fluorescence emission filter (Chroma HQ535/30m) blocks
the wavelengths corresponding to the trapping and detection lasers. TIRF is
achieved with a high-NA objective (Nikon CFI Plan Apo 100X TIRF). Surface
structures were fabricated lithographically on the sample chamber cover slip
from SU-8 photoresist.
We present simultaneous stretching and TIRF imaging of double stranded DNA
from the bacteriophage lambda. The DNA is stained with SyBR Gold (Invitro-
gen) and is bound to optically trapped dielectric beads in a dumbbell configura-
tion. This technologywill be applied to follow polymerase reactions in real time.
[1] Lang, M.J. et al., (2004). Nature Methods. 1(2) 1–7.
[2] Moerner, W.E. and Fromm, D.P., (2003). Review of Scientific instruments.
74(8), 3597–3619.
[3] Harada Y. et al., (1999). Biophysical Journal. 76(2) 709–715.
[4] Wallin, A.E. et al., (2008). Applied Physics Letters 92 224104.
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Unravelling Electronic Energy Transfer in Single Conjugated
Polyelectrolytes Encapsulated in Lipid Vesicles
Pierre Karam, An T. Ngo, Isabelle Rouiller, Gonzalo Cosa.
A method for the study of conjugated polyelectrolyte (CPE) photophysics
in solution at the single molecule level is described. Extended observation
times of single polymer molecules are enabled by the encapsulation of the
CPEs within 200 nm lipid vesicles, which are in turn immobilized on a sur-
face. When combined with a molecular-level visualization of vesicles and
CPE via cryo-TEM, these single molecule spectroscopy studies on CPEs
enable us to directly correlate the polymer conformation with its spectro-
scopic features. These studies are conducted with poly[5-methoxy-2-(3-sul-
fopropoxy)-1,4-phenylene-vinylene] (MPS-PPV, a negatively charged CPE),
when encapsulated in neutral and in negatively-charged lipid vesicles.
MPS-PPV exists as a freely diffusing polymer when confined in nega-
tively-charged vesicles. Individual MPS-PPV molecules adopt a collapsed-
chain conformation leading to efficient energy migration over multiple
chromophores. Both the presence of stepwise photobleaching in fluores-
cence intensity/time trajectories and emission from low energy chromo-
phores along the chain are observed. These results correlate with the
amplified sensing potential reported for MPS-PPV in aqueous solution.
When confined within neutral vesicles, single MPS-PPV molecules adopt
an extended conformation upon insertion in the lipid bilayer. In this case
emission arises from multiple chromophores within the isolated polymer
chains, leading to an exponential decay of the intensity over time and
a broad blue-shifted emission spectrum.747-Pos Board B547
Molecular Dynamics Simulations of the IAEDANS Fluorescent Probe
Attached to the Sarcoplasmic Reticulum Ca2þ-ATpase (serca)
Bengt Svensson, Elizabeth L. Lockamy, Howard S. Young,
David D. Thomas.
Molecular dynamics simulations were performed with the aim to establish
a more rigorous foundation for analyzing spectroscopic data on SERCA labeled
with the fluorescent probe IAEDANS. Site-specific labeling of a protein with
a fluorescent probe can provide insight into local structural dynamics, based
on fluorescence quenching or anisotropy measurements, or based on fluores-
cence resonance energy transfer (FRET) to another label. SERCA was labeled
at position Cys674 in the P-domain with the fluorescent probe IAEDANS. The
starting point for the molecular dynamics simulations of the fluorescent probe
and its protein environment was a new crystal structure of IAEDANS-labeled
SERCA. The structure was determined to 3.4A˚ resolution, which was sufficient
to show the IAEDANS label in close proximity to residues Arg615 and Arg620.
To be able to perform these simulations, we developed CHARMM force-field
parameters for the fluorescence probe IAEDANS. Quantum chemistry calcula-
tions have also been performed on the ground state and excited states of IAE-
DANS, to determine the orientation of the transition dipole moment. The
transition dipole autocorrelation functions and reorientation times were calcu-
lated from the simulated trajectories and compared with experimental measure-
ments by fluorescence anisotropy. FRET parameters were also determined from
the simulations and compared with results from fluorescence experiments using
IAEDANS as the donor and TNP-ADP bound in the nucleotide pocket as the
acceptor. The results show that we have established a reliable framework for
both fluorescence experiments and MD simulations in this system. This work
was supported by NIH (GM27906, AR007612) and the Minnesota Supercom-
puting Institute.
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Single Molecule Characterization of Alzheimer’s Ab Peptide Interactions
with Model and Cell-Derived Membranes
Joseph Schauerte, Robin Johnson, Kathleen Wisser, Duncan Steel,
Ari Gafni.
The amyloid plaques found in the brains of Alzheimer’s disease patients are
a hallmark of this disease and are mostly comprised of the short, 40-42 amino
acid, protein fragment known as Ab, which is derived by the proteolytic pro-
cessing of the much larger amyloid precursor protein. A major current hypoth-
esis regarding the mechanism of neurotoxicity of Ab posits that the binding of
Ab to cell membranes induces oligomerization of the peptide leading to the for-
mation of transmembrane pores that compromise the ability of the cell to con-
trol intracellular ion concentrations. Work in our laboratory has characterized
the mechanism of interaction of Ab with model phospholipid membranes using
calorimetric, electrophysiological and optical spectroscopic techniques. In par-
ticular, single molecule methodologies are utilized to monitor the interactions
of fluorescently labeled Ab on lipid membranes. Our results reveal that Ab in-
teraction with model membranes is characterized by significant heterogeneity
in the resulting oligomers, in the corresponding binding enthalpies as well as
in the membrane permeabilization potentials. These studies provide detailed in-
sight into the physical chemical basis of Ab-lipid membrane interaction and its
outcome. We are currently expanding our studies to more physiologically rel-
evant systems including membrane blebs and SH-SY5Y neuroblastoma cells.
Our data on RBL (rat basophilic leukemia) blebs indicates that both labeled
and unlabeled Ab is capable of forming pores that facilitate the flow of Ca
ions as monitored by internalized Ca indicators. We will address the role of spe-
cific membranes in Ab-lipid interactions.
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Lipid-Protein and Lipid-Lipid Interactions in the Myelin Sheath
Hande Ozgen, Nicoletta Kahya, Dick Hoesktra.
The myelin sheath, which is produced by oligodendrocytes in the central ner-
vous system (CNS), enwraps the axons to provide fast conduction of the action
potential and to ensure axonal integrity. For the myelin membrane, the most
abundant lipids are cholesterol and galactolipids such as galactosylceramide
(GalC) and sulfatide(SGC). The major CNS myelin proteins are proteolipid
protein (PLP) and myelin basic protein (MBP); their interaction with lipids
and their diffusional behavior are pivotal for myelin formation and mainte-
nance. Any alteration in the spatio-temporal architecture of myelin leads to se-
vere neurological diseases such as multiple sclerosis.
Myelin’s molecular organization, as driven by lipid-lipid and lipid-protein in-
teractions, was investigated by confocal microscopy. We also applied Fluores-
cence Correlation Spectroscopy (FCS) to study the lateral diffusion of myelin
proteins. For this purpose, we employed primary oligodendrocytes in various
